Quantitative estimation of the impact of random confounding factors on the duration and cost of construction wor Kwantytatywne szacowanie wpływu losowych czynników zakłócających na czas trwania i koszty robót budowlanych Abstract Random events may interfere with the execution process and results of the work. Then, the duration and cost of work are random variables. The random characteristics of these variables are described by using the β-PERT probability distribution and the simplified formulas. To determine the probable changes of the duration and cost of work, depending on the random factors, the coefficients of optimism and pessimism have been used. Additionally, the coefficients of improvement and deterioration of conditions of work implementation have been introduced. The values of these coefficients are calculated depending on the type, the probability of occurrence, the intensity of random perturbations and depending on the probable changes of the work duration as well as the probability and cost consequences of the price increase. Extreme random improvement and deterioration of the work execution conditions are analysed.
Introduction
Constructions work is carried out on building sites in actual surroundings and the natural environment. The technological and organizational conditions that characterize the requirements of the object structure execution can be described by using the design characteristics model of structure S as follows [1, 2] :
G=�Y,U,P� -a coherent and a-cyclic unigraph with a single initial node and a single final node that describes the interdependence and permissible sequences of works, Y={y 1 , ..., y i , ..., y k , ..., y m } -set of the nodes of the graph representing: y i initial event and y i final event for each specific piece of work u j ∈U; U={u 1 , ..., u j , ..., u 1 , ..., u n } -set of the arcs (arrows) of the graph representing relatively independent pieces of work constrained by initial y i ∈Y and final y k ∈Y nodes; P⊂Y×U×Y, �yi, uj, yk�∈P -a three-term relation that assigns to each arc u j ∈U the initial node y i ∈Y and final node y k ∈Y; L:U→R + -a function defined on the set U of arcs of the graph G determines the expected values E[L j ] of the variables L j and describes the size of works u j ∈U.
The resource requirements and conditions for executing the work are described by using the construction technology model ℒ as follows [1, 2] : 
Other approaches to the risk assessment, partly comparable to those described here, are presented in papers [3] [4] [5] .
The above mentioned approach corresponds to standard or moderate conditions for the execution of the work. In practice, the conditions for the implementation of the work may be highly changeable. In terms of such conditions, the favourable and difficult conditions of the execution should be considered. Then, additionally it is proposed to apply the coefficient of conditions improvement and the coefficient of conditions deterioration of work execution, respectively.
The rules for determining the coefficients of optimism and pessimism
Coefficients of optimism p j r t , and pessimism p j r t , enable us to take into account the impact of random events on the duration of work u j ∈U carried out by the working team H r ∈ H. They are estimated for each part of the project for particular perturbations in a similar way. In specific situations, the aggregate coefficients of optimism and pessimism should be estimated, which take into account the total influence of all random disturbances. In such cases coefficients p j r t , and p j r t , are estimated depending on the probability of disturbances q j,r and the time consequences of the disturbances t j,r . The values q j,r and t j,r can be determined rmined using the description of the situation listed in the Tables 1 and 2 . 
Level
Description q j,r
Level 1
The probability of disturbances is extremely small 0.00-0.20
Level 2
The probability of disturbances is little 0.20-0.40
Level 3
The probability of disturbances is medium 0.40-0.60
Level 4
The probability of disturbances is high 0.60-0.80
Level 5
The probability of disturbances is extremely high 0.80-1.00 According to the probability of disturbances q j,r , the probability of absence of disturbances r j,r =1-q j,r can be estimated. If the scope and impact of disturbances may be highly variable, it is proposed to additionally use the coefficient of variation of disturbances v. Then r j,r = (1- 
If there are random disturbances f = 1, …, g and some or all of them can strongly disrupt the run of work and such impact can be reliably estimated, their influence can be compiled separately. This means the factors q j r f , , r j,r and t j r f , should be determined for each random factor also using the descriptions in tables (1) . However, the costs of the work also depend on changes in the prices of labour, prices of machinery, and prices of products and building materials. From this perspective, it is necessary to estimate the probability of prices changes δ j,r and ε j,r or ε j,r =(1-δ j,r )v, and cost consequences of the price changes κ j,r . Factors δ j,r and κ j,r are independent. Their values can be estimated using descriptions in Tables  3 and 4 respectively. specifications for the execution of work. If disturbances and their consequences or the probability of price changes and cost consequences of these changes are estimated at the level 4 or 5, it is worth considering changing the period of implementation of work or, if possible, changing the technology of work to those more suitable for executing the work in a difficult situation. Moreover, when work is executed in spite of extremely difficult conditions or very large changes in the impact of random disturbances on the course and results of the work, it is reasonable to consider favourable, moderate and difficult conditions of implementation. To estimate the impact of such disturbances on the duration and cost of work, the coefficients of improvement and deterioration of conditions of work implementation are used. Coefficients of condition improvement are used for favourable conditions for work execution. They are used to correct optimistic values for the duration and cost of work. Coefficients of condition deterioration are applied to difficult conditions for work execution. They are used to correct pessimistic values of duration and cost of work. In both cases, the values of the coefficients can be estimated directly on the basis of an analysis of the change of strength and kind of random perturbations.
